Introduction {#s1}
============

The exercise duration and intensity are key components to design training programs, stimulate adaptation and maximize performance of the modern day endurance athlete (Hydren and Cohen, [@B17]). Especially short intervals of 2--8 min at 90--95% of maximal heart rate (HR~max~) interspersed with periods of incomplete recovery known as high-intensity interval training (HIIT) are applied to maximize central and peripheral adaptation (Buchheit and Laursen, [@B4],[@B5]; Ronnestad et al., [@B28], [@B29]; Stoggl and Sperlich, [@B31], [@B30]; Sylta et al., [@B32]). When performing three training sessions per week for 8 weeks the HIIT (e.g., 4 × 4 min) significantly increased the peak oxygen uptake (V^·^O~2peak~) while no improvements occurred with the long-slow distance (LSD) running at 70% of HR~max~ for 45 min (Helgerud et al., [@B15]). The LSD sessions in the latter study however were fairly short while longer training sessions including low intensity have a small effect on V^·^O~2peak~ (Stoggl and Sperlich, [@B31]).

Still the superior benefits of HIIT to improve V^·^O~2peak~ have been shown multiple times in recreational and elite athletes among various endurance sports including running, cycling, rowing, and cross-country skiing (Helgerud et al., [@B15]; Ronnestad et al., [@B28], [@B29]; Ni Cheilleachair et al., [@B22]). Despite the promising effects of HIIT however, the question arises among athletes, coaches and scientists whether the training load of several HIIT sessions within a short period of time might compromise the mucosal immune function. Especially the chronic exposure to high training loads has generally been assumed to increase the incidence of upper-respiratory tract infection (URTI; Trochimiak and Hubner-Wozniak, [@B36]).

A practical method to assess the stress-response from a psycho-immunological perspective during periods of intensified training is the combined assessment of the circadian variation of biomarkers in saliva and mood state (Papacosta et al., [@B23]; Born et al., [@B3]). While the concentrations of enzymes, hormones, and anti-bacterial compounds are far lower in saliva than in blood samples the relative changes in response to exercise are highly correlated to the blood serum (Cadore et al., [@B6]; VanBruggen et al., [@B37]; Tanner et al., [@B33]). The non-invasive collection of saliva allows a greater sampling rate and in an athletic population the entire circadian variation can be investigated with minimal interference in the daily training and recovery routines (Gatti and De Palo, [@B8]; Papacosta and Nassis, [@B24]).

Salivary immunoglobin-A (sIgA) and cortisol are biomarkers of particular interest when investigating the psycho-immunological stress-response during periods of intensified training. In ultra-marathon runners the extreme competition load acutely decreased the sIgA secretion rate and increased the levels of cortisol immediately after the exercise (Gill et al., [@B9]). Interestingly, low sIgA correlated with a high susceptibility of URTI and number of sick days during a period of polarized endurance training including both, continuous and interval training session (Ihalainen et al., [@B18]). Also an inverse correlation between levels of cortisol and sIgA secretion rate has been shown (Hucklebridge et al., [@B16]) and a potential decisive role of cortisol on the exercise-induced immune suppression during periods of intensified training discussed (Gleeson, [@B10]; He et al., [@B14]). Especially high-intensity exercise substantially increases the levels of cortisol (Allgrove et al., [@B1]). Therefore, the question arises whether the repeated exposure to HIIT over a prolonged period of time would compromise the mucosal immune function despite the tempting ergogenic effects including improved V^·^O~2peak~.

Earlier studies however mostly investigated the mucosal immune function with single pre- and post-training saliva samples (He et al., [@B14]; Gill et al., [@B9]; Ihalainen et al., [@B18]). Due to the dramatic decrease of cortisol and sIgA from early morning throughout the day (Hucklebridge et al., [@B16]; Rohleder et al., [@B27]), a full daily profile is warranted to investigate the circadian variation of these biomarkers of interest. Therefore, the aim of the study was to evaluate the mucosal immune function and circadian variation of salivary cortisol, sIgA secretion rate and mood during a period of nine sessions of HIIT performed within 3 weeks compared to LSD. The hypothesis was that the HIIT would increase levels of salivary cortisol, reduce sIgA secretion rate and impair mood thereby showing a more pronounced psycho-immunological stress-response and compromised mucosal immune function compared to the LSD.

Methods {#s2}
=======

Subject characteristics
-----------------------

For the present investigation, 28 recreational endurance runners were assigned into two groups performing either HIIT (*n* = 16, age: 25 ± 4 years, body mass: 76 ± 5 kg, body height: 179 ± 6 cm) or LSD (*n* = 12, age: 25 ± 3 years, body mass: 77 ± 11 kg, body height: 182 ± 5 cm). After being informed about the potential risks and benefits of the study involved, all runners gave their written consent to participate. The study was approved by the Ethical Committee of the University of Wuppertal and performed in accordance with the Declaration of Helsinki.

Study design
------------

Each athlete completed nine sessions of either HIIT or LSD within a period of 3 weeks with at least 1 day between the sessions (Stoggl and Sperlich, [@B31]) in addition to their routine aerobic training (4.0 ± 2.0 vs. 3.8 ± 1.6 h/week with the HIIT and LSD group, respectively) as performed previously (Ronnestad et al., [@B28]; Faiss et al., [@B7]). Before (Pre-) and after (Post-) the training period all participants performed an incremental test to exhaustion for the determination of running performance, i.e., time-to-exhaustion (TTE), as well as variables related to the cardio-respiratory and metabolic capacity. For each individual Pre- and Post- was scheduled on the same time of the day and performed with the same pair of running shoes within the same ambient air condition (20 ± 1°C and 36 ± 4% relative humidity).

Each HIIT session was initiated with a 10-min warm-up of moderate intensity running at 70% of maximum heart rate (HR~max~) including short bouts (30--45 s) with a higher running intensity to prepare the cardio-respiratory and metabolic system for the upcoming intervals. After the warm-up, the participants performed 4 × 4-min intervals with an exercise intensity corresponding to the individuals 90--95% of HR~max~ interspersed with 3 min of active recovery corresponding to 70% of HR~max~ (Helgerud et al., [@B15]). The HR data were recorded and each runner reached in at least 94% of all intervals (i.e., 34 of 36 possible intervals during the training period) the targeted exercise intensity of \>90% of HR~max~ to be included in the statistical analysis. Due to the delayed HR response at the onset of exercise the athletes were instructed to reach the targeted HR zone (90--95% of HR~max~) within the first 60--90 s of each interval as recommended previously (Helgerud et al., [@B15]). The LSD was performed continuously at 70--75% of HR~max~. The duration for each LSD session was 60, 70, and 80 min for the first, second and third week of training, respectively.

In order to investigate the psycho-immunological stress-response to nine sessions of either HIIT or LSD, saliva samples along with questionnaires were taken on a baseline day before the start of the study, the first (T1) and last (T9) day of training. The follow-up measurement was performed on the day of the post-test 4 days after the last day of training (Figure [1](#F1){ref-type="fig"}).

![The study design with the time-points for the saliva sampling and questionnaire on the baseline day, the first (T1) and last (T9) day of training and the follow-up for both groups.](fphys-08-00485-g0001){#F1}

Data collection
---------------

### Cardio-respiratory and metabolic response

The incremental running test was performed on a treadmill (H/P Cosmos, Mercury, Nussdorf-Traunstein, Germany) and initiated with a running velocity of 2.4 m/s. Subsequently, the running velocity was increased by 0.4 m/s in 5-min intervals until voluntary exhaustion. The incremental test was performed at 1% inclination to simulate the missing air resistance and drag forces of outdoor running (Gore, [@B12]). Maximal effort was considered when the runners met three of the following four criteria: (1) V^·^O~2~ showed a leveling-off defined as an increase of V^·^O~2~ of \<2.1 mL/kg/min (Taylor et al., [@B34]), (2) respiratory exchange ratio \> 1.05, (3) HR ≥ 90% of the age-predicted HR, (4) ratings of perceived exertion ≥18 on Borg\'s 6--20 scale (Borg, [@B2]).

During the incremental running test, the participants were equipped with an open-circuit breath-by-breath gas analyzer (MetaMax3B_R2, Cortex Biophysik GmbH, Leipzig, Germany) breathing through a turbine flowmeter which was attached to a proper fitting face mask covering the mouth and nose (7,450 Series V2 TM Mask, Hans Rudolph Inc., Shawnee, USA). The HR was collected time aligned with the V^·^O~2~ data using a chest belt (H7, Polar Electro Oy, Kempele, Finland). Before each test the oxygen (O~2~) and carbon dioxide (CO~2~) sensors of the gas analyzer were 2-point calibrated to ambient air (20.93% O~2~ and 0.03% CO~2~) and calibration gas containing 15% O~2~ and 5% CO~2~ (UN 1950 Aerosols, Cortex Biophysik GmbH, Leipzig, Germany) to anticipate the expiratory gas compound. The turbine\'s flow volume was calibrated using a 3-L syringe (M9474-C, Medikro Oy, Kuopio, Finland). The levels of blood lactate concentration were determined in the capillary blood sampled from the left ear lobe (LactatePro2, LT-1730, Arkray, Kyoto, Japan) and used for the subsequent linear extrapolation of the running velocities at 2 and 4 mmol/L blood lactate concentration.

### Psycho-immunological stress-response

In order to assess the acute exercise induced stress-response as well as the circadian variation of the markers of interest, on each day of measurement (baseline, T1, T9, and follow-up) five saliva samples were taken: (1) immediately after waking up, (2) 30 min after waking up, (3) immediately before training, (4) immediately after training, and (5) before going to bed as described previously (Rohleder et al., [@B27]; Born et al., [@B3]).

To collect the saliva samples all athletes received the following instructions: (1) not to eat and drink (other than plain water) or brushing teeth for 30 min beforehand to avoid blood contamination of the saliva sample, (2) rinse the mouth with water and swallow any remaining fluid, (3) start a stopwatch and passively collect saliva in the mouth while resting in a seated position with the head tilted slightly forward for exactly 2 min, (4) spit the accumulated saliva through a sterile polypropylene straw into a polypropylene tube (Sali-Cap Tubes, IBL International, Hamburg, Germany), (5) store the saliva tube in the freezer at −18°C and bring the sample to the lab the next morning for the analysis of cortisol and sIgA, as recommended previously (Granger et al., [@B13]). For the first sample of the day, the participants were instructed to collect the saliva immediately after waking up when the alarm went off while sitting at the edge of the bed. For the next 30 min the participants were allowed to walk around, take a shower and prepare the breakfast. They however were not allowed to eat, drink or continue sleeping. The exact time of the day for each saliva sample was reported in a specific protocol.

A scaling on the transparent polypropylene tube showed the volume of saliva collected. In case the collected saliva was \<1 mL within the first 2 min the athletes continued collecting saliva for another 2 min. The additional collection time was reported in the protocol for the subsequent determination of saliva flow rate. Especially high-intensity exercise reduces the flow rate of saliva by enhancing sympathetic and/or attenuating the parasympathetic activation (Papacosta and Nassis, [@B24]). Therefore, the saliva flow rate was employed to calculate the secretion rate of sIgA from the absolute concentrations for any further statistical analysis (Allgrove et al., [@B1]; Papacosta and Nassis, [@B24]).

Along with the saliva sample, the athletes rated their current mood on a questionnaire adapted by Wilhelm and Schoebi ([@B39]). The items included levels of stress, anxiety, annoyance, happiness, exhaustion, and energy ranked on a Likert scale from (1) not at all to (5) very much. After decoding, the mood was assessed by the sum of all items while a high score indicated vitality and well-being and a low score a suppressed mood state as described previously (Born et al., [@B3]). The athletes were asked to report any unusual and stressful events including signs of URTI immediately prior to the saliva sampling since a sympathetic stress-response would dramatically affect the concentration of cortisol, saliva flow rate and mood. In only one occasion a participant reported to be upset from such an event (i.e., a private matter that cased him stress but was not related to the study) and the sample from this particular point of measurement was excluded from the analysis.

All saliva samples were centrifuged at 2,000 g for 10 min to separate the firm mucus at the bottom of the tube. The supernatant aqueous fraction was used to analyze the concentration of cortisol and sIgA using commercially available enzyme-immunoassay kits (DRG Instruments, Marburg, Germany). The standard ranges for the determination of cortisol and sIgA were 2--80 ng/mL and 6.9--400 μg/mL with a sensitivity of 0.5 ng/mL and 0.5 μg/mL at the 95% confidence limit, respectively. The intra-assay coefficient of variation (CV) for cortisol and sIgA were 5.2 and 3.6% with an inter-assay CV of 5.7 and 5.5%, respectively. In order to cope with the inter-individual variation in the concentration of cortisol and sIgA secretion rate, the values from the baseline day were used to normalize the data.

Statistical analysis
--------------------

The data are presented as mean values ± standard deviations (SD), normal distribution was confirmed with Shapiro-Wilk\'s test and an alpha-level \<0.05 considered as statistically significant. A 2-way analysis of variance (ANOVA) with repeated measure using Fisher\'s *post-hoc* test was performed to detect significant differences between the training intensity (HIIT vs. LSD) and time-points of measurement. Additionally, effect size (partial eta^2^) and statistical power were calculated for each variable. As suggested previously (Pruessner et al., [@B26]), the area under the curve with respect to ground level (AUC~G~) was determined for the psycho-immunological stress-response on each day of measurement. Pearson\'s product moment correlation coefficient was used to identify potential variables that were related to the change in V^·^O~2peak~ and TTE. All data were recorded and prepared using Excel 2010 (Microsoft Corp., Redmond, USA) and analyzed subsequently with Statistical 10.0 (StatSoft Inc., Tulsa, USA).

Results {#s3}
=======

Physiological assessment
------------------------

The performance data as well as cardio-respiratory and metabolic response to nine sessions of HIIT and LSD are presented in Table [1](#T1){ref-type="table"}. While HIIT and LSD increased the TTE from Pre- to Post- (*P* \< 0.01), the interaction effect revealed that the HIIT resulted in a longer TTE at Post- compared to the LSD (*P* = 0.02). The V^·^O~2peak~ increased with the HIIT only (interaction effect, *P* = 0.01) and the levels of blood lactate concentration lessened with the LSD only (interaction effect, *P* = 0.01). The running velocities at 2 and 4 mmol/L blood lactate concentration increased with both, HIIT and LSD (*P* \< 0.01 and *P* \< 0.01, respectively).

###### 

The performance data as well as cardio-respiratory and metabolic response to nine sessions of HIIT compared to LSD (mean ± SD).

                                                                   **HIIT**                                                                    **LSD**                                          ***F*-value**        ***P*-value**   **Partial eta^2^**   **Test power**
  -------------------------------------------------------- ------- --------------------------------------------------------------------------- ------------------------------------------ ----- -------------------- --------------- -------------------- ----------------
  Time-to-exhaustion (s)                                   Pre-    1887 ± 290                                                                  1764 ± 221                                 a\)   *F*~(1,\ 26)~ = 4    n.s.                                 
                                                           Post-   2129 ± 298[^\*^](#TN1){ref-type="table-fn"}[+](#TN2){ref-type="table-fn"}   1861 ± 220[+](#TN2){ref-type="table-fn"}   b\)   *F*~(1,\ 26)~ = 33   *P* \< 0.01     0.56                 0.99
                                                                                                                                                                                          c\)   *F*~(1,\ 26)~ = 6    *P* = 0.02      0.19                 0.65
  Peak oxygen uptake (mL/kg/min)                           Pre-    49 ± 4.5                                                                    52.4 ± 4.8                                 a\)   *F*~(1,\ 26)~ = 1    n.s.                                 
                                                           Post-   51.5 ± 3.9[+](#TN2){ref-type="table-fn"}                                    51.8 ± 5.3                                 b\)   *F*~(1,\ 26)~ = 0    n.s.                                 
                                                                                                                                                                                          c\)   *F*~(1,\ 26)~ = 8    *P* = 0.01      0.24                 0.79
  Maximum heart rate (beats/min)                           Pre-    196 ± 8                                                                     194 ± 8                                    a\)   *F*~(1,\ 26)~ = 0    n.s.                                 
                                                           Post-   194 ± 8                                                                     195 ± 8                                    b\)   *F*~(1,\ 26)~ = 3    n.s.                                 
                                                                                                                                                                                          c\)   *F*~(1,\ 26)~ = 4    n.s.                                 
  Maximum blood lactate concentration (mmol/L)             Pre-    8 ± 2.2                                                                     9.2 ± 2.1                                  a\)   *F*~(1,\ 26)~ = 0    n.s.                                 
                                                           Post-   8.7 ± 2.2                                                                   8.2 ± 1.7[+](#TN2){ref-type="table-fn"}    b\)   *F*~(1,\ 26)~ = 0    n.s.                                 
                                                                                                                                                                                          c\)   *F*~(1,\ 26)~ = 9    *P* = 0.01      0.25                 0.81
  Velocity (m/s) at 2 mmol/L blood lactate concentration   Pre-    2.6 ± 0.5                                                                   2.4 ± 0.4                                  a\)   *F*~(1,\ 26)~ = 3    n.s.                                 
                                                           Post-   2.8 ± 0.4[+](#TN2){ref-type="table-fn"}                                     2.6 ± 0.3[+](#TN2){ref-type="table-fn"}    b\)   *F*~(1,\ 26)~ = 13   *P* \< 0.01     0.33                 0.93
                                                                                                                                                                                          c\)   *F*~(1,\ 26)~ = 0    n.s.                                 
  Velocity (m/s) at 4 mmol/L blood lactate concentration   Pre-    3.3 ± 0.4[^\*^](#TN1){ref-type="table-fn"}                                  3 ± 0.3                                    a\)   *F*~(1,\ 26)~ = 8    *P* = 0.01      0.25                 0.80
                                                           Post-   3.5 ± 0.3[^\*^](#TN1){ref-type="table-fn"}[+](#TN2){ref-type="table-fn"}    3.1 ± 0.3[+](#TN2){ref-type="table-fn"}    b\)   *F*~(1,\ 26)~ = 20   *P* \< 0.01     0.44                 0.99
                                                                                                                                                                                          c\)   *F*~(1,\ 26)~ = 2    n.s.                                 

*Significant differences were identified with a 2-way ANOVA: training intensity (HIIT vs. LSD) x time (Pre- vs. Post-). HIIT, High-intensity training; LSD, Long-slow distance training*.

*a) Main effect: training intensity (HIIT vs. LSD)*.

*b) Main effect: time (Pre- vs. Post-)*.

*c) Interaction effect: training intensity x time*.

*Significant difference compared to LSD*.

*significant difference compared to Pre-. n.s., not significant*.

Psycho-immunological stress-response
------------------------------------

Table [2](#T2){ref-type="table"} illustrates the detailed analysis of the AUC~G~ for the psycho-immunological stress-response during the first and last day of training and during the follow-up. A main effect for the time was evident as the AUC~G~ for the levels of cortisol increased during the follow-up in both groups (*P* \< 0.01). The *post-hoc* analysis revealed that, the levels of cortisol were increased from before to after exercise (*P* \< 0.05) and increased compared to the corresponding values at T1 (*P* \< 0.05) with both groups on the day of follow-up. The cortisol values normalized by the end of the day however, showing lower values before going to bed compared to immediately after waking up on all days of measurement (i.e., T1, T9, and follow-up) with the HIIT (*P* \< 0.01) and LSD (*P* \< 0.01).

###### 

The AUC~G~ for the psycho-immunological stress-response to nine sessions of HIIT compared to LSD on the first (T1) and last (T9) day of training as well as the follow-up (mean ± SD).

                                                                **HIIT**                                                                  **LSD**                                                                         ***F*-value**        ***P*-value**   **Partial eta^2^**   **Test power**
  ------------------------------------------------- ----------- ------------------------------------------------------------------------- ------------------------------------------------------------------------- ----- -------------------- --------------- -------------------- ----------------
  Saliva flow rate (mL/min)                         T1          1476 ± 198                                                                1346 ± 445                                                                a\)   *F*~(1,\ 26)~ = 1    n.s.                                 
                                                    T9          1461 ± 316                                                                1332 ± 393                                                                b\)   *F*~(1,\ 26)~ = 7    *P* \< 0.01     0.21                 0.91
                                                    Follow-up   1225 ± 233[+](#TN4){ref-type="table-fn"}[\#](#TN5){ref-type="table-fn"}   1157 ± 426                                                                c\)   *F*~(1,\ 26)~ = 0    n.s.                                 
  Levels of cortisol (ng/mL)                        T1          1809 ± 384                                                                1554 ± 426                                                                a\)   *F*~(1,\ 26)~ = 1    n.s.                                 
                                                    T9          1597 ± 565                                                                1394 ± 257                                                                b\)   *F*~(1,\ 26)~ = 11   *P* \< 0.01     0.3                  0.99
                                                    Follow-up   1941 ± 354[\#](#TN5){ref-type="table-fn"}                                 2104 ± 855[+](#TN4){ref-type="table-fn"}[\#](#TN5){ref-type="table-fn"}   c\)   *F*~(1,\ 26)~ = 2    n.s.                                 
  Salivary immunoglobin A secretion rate (μg/min)   T1          1917 ± 1178[^\*^](#TN3){ref-type="table-fn"}                              1010 ± 506                                                                a\)   *F*~(1,\ 26)~ = 8    *P* = 0.01      0.23                 0.77
                                                    T9          2123 ± 1394[^\*^](#TN3){ref-type="table-fn"}                              1142 ± 628                                                                b\)   *F*~(1,\ 26)~ = 1    n.s.                                 
                                                    Follow-up   1968 ± 1164[^\*^](#TN3){ref-type="table-fn"}                              962 ± 427                                                                 c\)   *F*~(1,\ 26)~ = 0    n.s.                                 
  Mood (a.u.)                                       T1          1363 ± 204                                                                1413 ± 150                                                                a\)   *F*~(1,\ 26)~ = 0    n.s.                                 
                                                    T9          1391 ± 152                                                                1444 ± 180                                                                b\)   *F*~(1,\ 26)~ = 2    n.s.                                 
                                                    Follow-up   1465 ± 164                                                                1420 ± 92                                                                 c\)   *F*~(1,\ 26)~ = 3    n.s.                                 

*Significant differences were identified with a 2-way ANOVA with repeated measure: training intensity (HIIT vs. LSD) x time (T1 vs. T9 vs. Follow-up)*.

*a) Main effect: training intensity (HIIT vs. LSD)*.

*b) Main effect: time (T1 vs. T9 vs. Follow-up)*.

*c) Interaction effect: training intensity x time*.

*Significant difference compared to LSD*.

*Significant difference compared to T1*.

*Significant difference compared to T9*.

*n.s., Not significant*.

A main effect for the training intensity was evident as the AUC~G~ for sIgA secretion rate was higher with the HIIT on T1, T9 and follow-up (*P* = 0.01). The *post-hoc* analysis showed the highest sIgA secretion rate in the morning immediately after waking up with decreasing values throughout the day in both, the HIIT (*P* \< 0.05) and LSD (*P* \< 0.05). The wake-up response by the end of the training period at T9 was higher with the HIIT compared to the corresponding value at T1 (*P* = 0.01) as well as compared to the LSD (*P* \< 0.01; Figure [2](#F2){ref-type="fig"}). Mood remained unaffected with respect to training intensity and time.

![The circadian variation of the **(A)** levels of cortisol and **(B)** salivary immunoglobin A (sIgA) secretion rate in response to the high-intensity interval training (HIIT) and the long-slow distance training (LSD) normalized to the concentrations obtained from the baseline day before the start of the training period. Samples were taken on the first (T1) and ninth (T9) day of training as well as the follow-up (1) immediately after waking up, (2) 30 min after waking up, (3) before training, (4) after training and (5) before going to bed. For the sake of clarity, the standard error is illustrated for the corresponding mean values. Significant differences are indicated as follows: ^\*^ between groups, + in comparison to immediately after waking up of the same day, \# in comparison to the corresponding value on day T1, † in comparison to before exercise.](fphys-08-00485-g0002){#F2}

Correlation analysis
--------------------

Person correlation analysis detected that, the increased TTE from pre- to post- correlated with the AUC~G~ of sIgA secretion rate on the day of follow-up (*r* = 0.45, *P* = 0.02). As well, the increase in V^·^O~2peak~ was related to the sIgA secretion rate on day T1 (*r* = 0.39, *P* = 0.04).

Discussion {#s4}
==========

The main findings of the present study were that, the HIIT results in a longer TTE and increased V^·^O~2peak~ compared to the LSD. The ergogenic effects of HIIT were accompanied with an increased sIgA secretion rate evident as a larger AUC~G~ on the first and last day of training as well as follow-up. The levels of cortisol were unaffected by the training intensity (HIIT vs. LSD) but increased over time on the day of the follow-up with both, HIIT and LSD. Mood remained unaffected with both groups during the entire training period.

The results of the present study are in line with previous findings showing the benefits of HIIT to improve important variables related to the endurance performance, i.e., TTE, and V^·^O~2peak~ (Helgerud et al., [@B15]; Buchheit and Laursen, [@B4],[@B5]; Ronnestad et al., [@B28], [@B29]; Stoggl and Sperlich, [@B31], [@B30]; Sylta et al., [@B32]). The research focus however was, to investigate the circadian variation of biomarkers in saliva and mood during such a period of HIIT. The question was whether the exposure to nine sessions of HIIT compared to LSD within a 3-week time frame would compromise the mucosal immune function besides the promising effects on TTE and V^·^O~2peak~.

In contrast to the initial hypothesis and the general assumption that chronic exposure to high training loads compromises the mucosal immune function evident as a decreased sIgA secretion rate (Tiollier et al., [@B35]; Trochimiak and Hubner-Wozniak, [@B36]) the HIIT in the present investigation actually increased the sIgA secretion rate throughout the entire training period. An earlier review concluded that extreme efforts, such as HIIT, would increase the infection risk of the upper-respiratory tract while moderate intensity exercise, such as LSD, would improve the mucosal immune function (Trochimiak and Hubner-Wozniak, [@B36]). A "J"-shaped relationship was generally accepted between the immune function and the training load, while both, too low as well as too high training loads, would impair the immune function (Trochimiak and Hubner-Wozniak, [@B36]). The latter assumption however presumes that the mucosal immune system needs to be stressed in some way to adapt and improve its capacity to neutralize and defend viral pathogens in a similar way as muscles becomes stronger when exposed to regular training stress and adequate overload.

The question arises, how much training and overload is necessary to improve the mucosal immune function. In the present study, the stimulus of nine sessions of HIIT followed by at least 1 day of recovery was adequate to increase the number of antimicrobial proteins in the saliva as indicated by an elevated sIgA secretion rate. In contrast, the LSD did not provide a sufficient stimulus to adapt and augment the mucosal immune function evident as a sIgA secretion rate that was unaltered over the time course of the training period.

From a mechanistic perspective, the sIgA is one of the most abundant antimicrobial proteins in the saliva (Papacosta and Nassis, [@B24]) and synthesized locally in the submucosa (Allgrove et al., [@B1]). The activation of the sympathetic nervous system and hypothalamic-pituitary-adrenal-axis promotes the transepithelial transport of sIgA to the mucosal surface (Goodrich and McGee, [@B11]). Especially the sIgA secretion rate increased acutely immediately after a bout of high-intensity exercise (Allgrove et al., [@B1]). The concentration of salivary cortisol however did not respond until 1 h after exercise (Allgrove et al., [@B1]) explaining why the cortisol response remained unaffected in the present study taking the saliva samples immediately after the HIIT and LSD. While the sIgA secretion rate responded immediately to the increased stress of HIIT, sIgA could therefore be a marker of stress being more sensitive than salivary cortisol.

The question remains, whether the increased sIgA secretion rate when waking up on T9 with the HIIT shows the stress response from the previous training session, which was still evident during recovery, or if the increased sIgA secretion rate indicates a chronically enhanced mucosal immune function. In both cases, with the repeated exposure to high training loads (nine sessions of HIIT) the enhanced secretion of sIgA must be matched by an increased synthesis in the submucosal plasma cells (Goodrich and McGee, [@B11]). Otherwise, over the time course of nine HIIT sessions the store of IgA in the submucosa available for transport across the epithelium would become depleted (Proctor et al., [@B25]). The lack of any peak elevation of sIgA with the LSD indicates that the more intense training stimulus with the HIIT must has induced functional adaptation that elevated the sIgA synthesis and augmented the mucosal immune function in addition to the ergogenic effects of a longer TTE and increased V^·^O~2peak~.

Recently, particular interest has been drawn to the correlation of reduced sIgA secretion rate and increased risk of URTI. During polarized endurance training including both, continuous and interval training, the runners who showed greater basal sIgA concentrations suffered less from URTI. Interestingly, the sIgA concentration before the start of the study predicted the number of sick-days (*r* = −0.76, *P* \< 0.01) during the following 12-week training period (Ihalainen et al., [@B18]). The aforementioned findings indicate that the mucosal immune function might be predisposed by either genetic factors or affected by the individual\'s training history. The findings of the present study support the latter by showing an increased sIgA secretion rate in response to the more severe training stress of the HIIT compared to the moderate intensity exercise with the LSD.

Therefore, the generally accepted "J"-shaped relationship between training load and the risk of URTI needs to be questioned. In a recent review Walsh and Oliver ([@B38]) discussed this matter based on the current literature and concluded "*that international athletes performing high-volume training suffer fewer, not greater, URTI episodes than lower-level performers*". The authors also concluded that the immune function is actually improved with the regular but intermittent exposure to various forms of stress (Walsh and Oliver, [@B38]). Linked with the results of the present study it might be time to consider the mucosal immune function as a highly adaptable system that, at least in a 3-week time period, responds well to the stress of HIIT.

In the present investigation, salivary cortisol remained unaffected immediately after exercise on the first and last day of training with both training groups. During the day of the follow-up however the incremental exercise test to exhaustion increased the levels of cortisol immediately after exercise with both, the HIIT and LSD. Investigations evidenced that the participation in official competitions induced greater levels of cortisol compared to training matches or race simulations indicating that the psychological stress itself rather than the actual physical load affects the response in cortisol (Rohleder et al., [@B27]; Moreira et al., [@B19],[@B20], [@B21]). When comparing two volleyball matches that were played against the same opponent, the more important final championship match induced a greater cortisol response compared to the regular season match (Moreira et al., [@B21]). Similarly, in elite basketball players the cortisol values were still elevated largely above baseline during the competition phase even with a physical load that was almost half as much as during the preceding training phase (He et al., [@B14]). In the present study, the incremental exercise test that was performed on the day of the follow-up created a semi-competitive situation since each runner attempted to compel themselves mentally and physically as hard as possible in order to profit from the past training period and outrun their training colleagues. The arousal, anxiety, and pressure to perform well during this type of performance test seemed to induce a substantial cortisol response which was not evident at any time point during the training phase neither with the HIIT nor LSD.

Recent studies showed that the compromised mucosal immune function, i.e., reduced sIgA secretion rate, induced by the stress of competition was accompanied with high levels of cortisol (He et al., [@B14]; Moreira et al., [@B21]). Therefore, an antagonistic activity of increased cortisol values that inhibit the sIgA response has been discussed (He et al., [@B14]). In the present study, especially the HIIT required the runners to perform each training session close to their physical limit at 90--95% of HR~max~. The mood data however show, that our athletes did not feel pressured or psychologically stressed due to the high training loads of HIIT shown by a mood state that was not different to the LSD. Also the levels of cortisol on the first and last day of training were fairly low with the HIIT and not different to LSD. Assuming an antagonistic activity of cortisol and sIgA (He et al., [@B14]; Moreira et al., [@B21]), the low levels of cortisol on the first and last day of training could explain why our athletes did not show any reduced sIgA secretion rate with the HIIT but adapted to the training stress and improved their mucosal immune function.

Conclusion {#s5}
==========

In contrast to the hypothesis, we could not investigate any signs of a compromised mucosal immune function with the HIIT compared to LSD. The ergogenic effects of HIIT, i.e., increased V^·^O~2peak~, were even accompanied with an increased sIgA secretion rate indicating that the mucosal immune system adapted over the time course of the training period by increasing the number of antimicrobial proteins and improving the capacity to neutralize and defend viral pathogens. The training stimulus of the LSD on the other hand was insufficient to improve the mucosal immune function or V^·^O~2peak~. Based on our data we cannot generally accept the assumption that high training loads necessarily compromises the mucosal immune function. Connecting the data of the present study with previous findings (Born et al., [@B3]; Walsh and Oliver, [@B38]), it might be time to consider the mucosal immune function as a highly adaptable system that responds well to the stress and load of training, in particular nine sessions of HIIT within 3 weeks.

The HIIT had no effect on the levels of cortisol and mood. Therefore, the psychological stress, i.e., the arousal, anxiety, mental stress, and pressure to perform well during competition (Rohleder et al., [@B27]; Moreira et al., [@B19],[@B20], [@B21]), rather than the actual physical load of exercise might be responsible for an impaired mucosal immune function. Future studies should apply the circadian variation of sIgA secretion rate, cortisol and mood to further distinguish between the psychological and physical stressors and how both could impact the mucosal immune function during periods with an intensified training load and competition.
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